Entropy and Frequency Analysis of New Electrocardiogram Lead Placement by Mamaghani, Baabak et al.
Entropy and Frequency Analysis of New 
Electrocardiogram Lead Placement 
 
Baabak Mamaghani*, Mark Sterling, Ph.D*, Donna Gruendike**, Mark Hamer, M.D**., Behnaz Ghoraani, Ph.D* 
*Biomedical Engineering Department, Rochester Institute of Technology, NY, USA 




Abstract—This is a preliminary study that explores 
ideal lead placements for quantification of atrial 
fibrillation. Data was collected at the Rochester 
Cardiopulmonary Group where two Atrial Fibrillation 
(AF) patients were monitored for one hour using a 12-lead 
Holter Recording setup. Lead placement was different 
than the clinical ECG lead placement. Two leads were 
placed at V1 and V2 followed by 5 leads to the left of the 
sternum and 5 to the right. For every lead pairing, the 
Shannon entropy as well as the Dominant Frequency of 
the bipolar signal were calculated and then compared 
based upon the lead locations (left only, right only, left and 
right). The results suggest that a reduced lead setup from a 
left-right combination could allow for an ambulatory AF 
detection device while preserving AF detection accuracy. 
I. INTRODUCTION  
On average, a healthy individual’s heart will beat between 
60 and 100 times per minute, at rest. The number of beats per 
minute is based on the individual’s age, sex and physical 
condition. A slow or fast beating of the heart can compromise 
blood flow to the body. If the heart beats too fast, the chambers 
of the heart will not fully fill with blood. If the heart beats too 
slow, vital organs may not receive the required oxygen they 
need. Arrhythmias are either a slow or fast beating of the heart 
and it affect millions of Americans. The most common 
arrhythmia is atrial fibrillation and it affects over 6 million 
Europeans and over 3 million Americans [1]. 
Individuals who are affected by atrial fibrillation (AF) have 
increased chances of having stroke, heart failure, or other 
problems [2-3]. Even after successful electric cardioversions, 
there is a chance that atrial fibrillation returns in the patient. 
Shannon entropy has been used to determine the difference 
between recurrent and non-recurrent AF episodes [4].  
The objective of this study was to locate the best lead 
placement for AF detection, while using the least number of 
leads. It is believed that the highest entropy and dominant 
frequency will be seen across the P-wave dipole, which is 
shown in Figure 1.  
 
Figure 1. P-wave Dipole Diagram. Red arrow depicts the 
direction of the dipole. Black arrow depicts the horizontal 
component of the dipole. 
II. DATA COLLECTION 
      Data was collected at the Rochester Cardiopulmonary 
Group. Two GE SEER 12 Digital Holter ECG Recorders were 
used to collect the data. The sampling frequency of the Holter 
recording device is 1024Hz. The data was divided up into 
multiple sections, each containing one hundred thousand 
samples. Therefore, each section is roughly a minute and a 
half long. Patient’s ECGs were recorded for an hour. 
   
III. PREPROCESSING 
 
Figure 2. Preprocessing Block Diagram 
 
Both Holter devices were started manually; therefore, there 
was a small delay between the devices. Lead I (LA – RA) was 
the signal selected for the time alignment process. To match 
up the ECG recordings, the first five R-peaks of Lead I was 
located for both Holter devices. An average difference was 
calculated and those samples were removed from the lagging 
Holter device. In doing so, all the components of the ECG (P-
waves, QRS complex and T-waves) lined up properly. 
 After the time delay correction, the removal of noise from 
ECG signals is accomplished by applying a low-pass filter 
(LPF) between 50 and 60Hz. This range is used to remove line 
frequency (60Hz). On the other hand, a high pass filter (HPF) 
between 0.1 and 1Hz removes baseline wander. For the 
purpose of this experiment, a band-pass filter with cutoffs of 
0.5 and 50Hz was used to filter the ECG signals. 
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The final preprocessing step was the cancellation of the 
QRST segments of the signals. The QRST cancellation 
algorithm used the R-peak locations to create a template of the 
QRST segments and then subtracted the template from every 
beat in the signal. In doing so, only the atrial activity of the 
signal remained which was then analyzed. Figure 3 displays a 
test signal that was run through this algorithm and the 
resulting atrial activity. 
 
 
Figure 3. QRST cancellation process. Top figure displays the 
original ECG. Middle figure displays the QRS template signal. 
Bottom figure demonstrates the subtraction of the top two. 
 
IV. METHODS 
The current methods of atrial fibrillation detection involve 
some variation of time analysis [1,5-6]. In most cases, the RR 
intervals are calculated and compared against one another to 
detect any variation. Variation of the RR interval would 
indicate a problem with the heart’s electrical system, which is 
more often than not, atrial fibrillation. Figure 4 shows the 
clinical ECG lead placement.  The lead setup used in this 
study contains twelve different unipolar leads placed on a 
patient’s chest. Figure 5 displays the locations of those leads 
 
 
Figure 4. Clinical ECG Lead Placement 
 
 
Figure 5. ECG Lead Placement for Study 
 
 
The red V1 lead in Figure 5 is the same location as the 
usual placement of lead V1, which is in the fourth intercostal 
space to the right of the sternum. The blue V2 lead is in the 
same location as the usual placement of lead V2. This location 
is also in the fourth intercostal space, but to the left of the 
sternum.  
     Once the signals were preprocessed, they were subtracted 
from one another to create sixty-six different combinations. 
The combinations began with V1L-V2L, V1L-V3L so on and 
so forth until the final combination of V5R-V6R. The 
following equations display the construction of the sixty-six 
bipolar combinations: 
 
𝑅!" =   𝑅! − 𝑅!             (1) 
 




      The main method used for analysis was entropy. Entropy 
is the measure of the uncertainty of a random variable. By 
evaluating the entropy of a given signal, the “randomness” of 
a signal can be quantified. The entropy of the signal sections 
were calculated by the following equation: 
 
𝐻 𝑋 =   − 𝑃 𝑋! ∗ log! 𝑃 𝑋!         (2)
!
 
      
     While the subtractions of the unipolar leads were in the 
opposite direction of the p-wave dipole, it does not affect the 
entropy calculation or analysis. The only difference between 
the signal V2R-V3B and V3B-V2R is that they are negatives 
of one another. The calculation of the Shannon entropy is not 
affected by negating the signal. 
 
B. Spectral Analysis 
  After the entropies of the signals were calculated, the Fast 
Fourier Transforms (FFTs) were calculated and analyzed. The 
dominant frequency is known as the frequency with the 
highest peak.  This is applied to the atrial activity (between 
4Hz and 10Hz) of the FFTs of the different sections. The 
dominant frequency was later analyzed.  
 
V. RESULTS 
      Below are the results produced from analyzing both 
patients 1 and 2. The five highest average entropy and 
dominant frequency combinations are shown. Standard 
deviation is also included in the tables to depict how much the 
entropies and frequencies varied. 
 
Entropy	  –	  Patient	  1	  
	  	   Combinations	   Average	   STD	  
1	   V1R-­‐V3R	   3.242	   0.170	  
2	   V1L-­‐V3R	   3.152	   0.305	  
3	   V1L-­‐V5R	   3.050	   0.255	  
4	   V3L-­‐V5L	   3.043	   0.271	  
5	   V1L-­‐V2R	   3.015	   0.261	  
Table 1: Top Five Highest Entropy Combinations for Patient 1 
 
Entropy	  –	  Patient	  2	  
	  	   Combinations	   Average	   STD	  
1	   V5L-­‐V5R	   3.037	   0.451	  
2	   V1L-­‐V6R	   3.009	   0.524	  
3	   V5L-­‐V6R	   3.005	   0.446	  
4	   V1L-­‐V5R	   2.986	   0.512	  
5	   V5L-­‐V1R	   2.971	   0.410	  
Table 2: Top Five Highest Entropy Combinations for Patient 2 
 
   
Dominant	  Frequency	  –	  Patient	  1	  
	  	   Combinations	  	   Average	   STD	  
1	   V2L-­‐V2R	   6.133	   0.672	  
2	   V3L-­‐V2R	   6.088	   0.636	  
3	   V2L-­‐V5R	   5.935	   0.828	  
4	   V5L-­‐V5R	   5.870	   0.690	  
5	   V2L-­‐V3R	   5.846	   0.692	  
Table 3: Top Five Highest Dominant Frequency Combinations 
for Patient 1 
 
 
Dominant	  Frequency	  –	  Patient	  2	  
	  	   Combinations	   Average	   STD	  
1	   V2L-­‐V6R	   6.345	   0.217	  
2	   V2L-­‐V5R	   6.314	   0.177	  
3	   V2L-­‐V3R	   6.308	   0.297	  
4	   V2R-­‐V4R	   6.279	   0.299	  
5	   V1L-­‐V3R	   6.272	   0.252	  
Table 4: Top Five Highest Dominant Frequency Combinations 
for Patient 2 
 
      After individual combinations were analyzed, box plots of 
the three different groups of combinations were made. These 
groups are: Left-Only Combinations, Left-Right Combinations 












Figure 8. Patient 1 Dominant Frequency 
 
 
Figure 9. Patient 2 Dominant Frequency 
 
VI. DISCUSSION 
      As can be seen from Tables 1-4, both patients had more 
Left-Right Combinations in the top five for entropy and 
dominant frequency analysis. In addition, most of these Left-
Right Combinations are in the same direction as the P-wave 
dipole (V1L-V3R, V1L-V5R, V2L-V3R and V2L-V6R). 
Combination V1L-V5R produced high entropies in both AF 
patients, while the combinations V2L-V5R and V3L-V5R 
produced high dominant frequencies.  
 The results from both entropy and spectral analysis suggest 
that one lead of a bipolar combination should be placed in the 
upper right chest for maximum AF detection (i.e. V5R or 
V6R). However, in order to generalize our observations, more 
AF data needs to be collected and analyzed using our 
developed lead setup.  
VII. CONCLUSION 
      Overall, this preliminary study suggests that a reduced 
lead setup from a Left-Right Combination could allow for an 
ambulatory AF detection device while preserving the AF 
detection accuracy. 
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